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formed consent. Details of the study design were described else-
where [7].
In short, between January 2003 and March 2004, pregnant
women living in Amsterdam were included in the study after their
ﬁrst antenatal care visit. Women ﬁlled out a general questionnaire
including maternal age, height, weight, ethnicity, educational level,
alcohol use during pregnancy and smoking during pregnancy. A
nonfasting venous blood sample (n = 4389) was drawn at a mean
gestational age of 13 weeks (IQR 12–14 weeks). TG, total cholesterol
(TC), apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB) and total
free fatty acids (FFA) were determined in serum according to stan-Besides adverse pregnancy outcomes, maternal dyslipidemia
during pregnancy may also have long term consequences for
offspring's cardiovascular health. Early pregnancies characterized
by lower triglyceride (TG) levels more often resulted in babies with
low birth weight while dyslipidemia in pregnancy was associated
with adiposity at birth, both of which are outcomes associated with
atherosclerotic disease later in life [1,2]. Against this background, an-
imal studies provide evidence that maternal fat feeding and potential
consequent dyslipidemia during gestation might play an important
role in ‘programming’ offspring's blood pressure (BP) and autonomic
nervous system (ANS) [3–6]; hitherto, no analysis in humans exist
on a possible association between maternal lipid proﬁle during
early gestation and offspring's blood pressure in childhood (including
ANS). Therefore, we analyzed with data derived from the Amsterdam
Born Children and their Development (ABCD) cohort whether associa-
tions exist between the maternal lipid proﬁle during early gestation
and offspring's BP, heart rate (HR), and sympathetic and parasympa-
thetic drive at the age of 5–6 years.
The study protocol was approved by the medical ethics commit-
tees of the Amsterdam hospitals involved and the Registration, AcademicMedical Center, P.O.
+31 20 5661645; fax: +31 20
eman).
.Committee of Amsterdam. All participants provided written in-
dardized methods [1]. At the offspring's age of 5–6 years, a health
check was performed at school during which ANS, heart rate, BP,
height and weight measurements were taken in 1944 children [7].
The VU University-Ambulatory Monitoring System recorded cardiac
activity for about 15 min: 4 min supine position; 2 min supine posi-
tion during which BP was measured twice; 4 min upwards position;
2 min upwards position during which BP was measured twice. Mean
BP was calculated from measurements in supine positions. We took
the pre-ejection period (PEP) as a reﬂection of sympathetic activity
and respiratory arrhythmia (RSA) for parasympathetic activity. Par-
ity (primiparous: yes/no), children's birth weight, gestational age
(about 90% by echo) and sex were available from the Youth Health
Care Registration. Children with congenital malformations, prema-
turely born, from diabetic mothers and from mother using lipid al-
tering drugs in pregnancy were excluded, leaving 1718 children for
analyses.
Linear regression models assuming normally distributed errors
were used to investigate the associations between maternal lipids
in early pregnancy and offspring systolic blood pressure (SBP),
diastolic blood pressure (DBP), HR, RSA and PEP. A non-linear
model was used for the association between ApoA1 and DBP. In the
basic model, adjustments were made for gestational age at blood
sampling, the child's sex, height and age at the time of outcomemea-
surement. Interactions between sex and other variables were
investigated. Subsequently, we adjusted for maternal and child char-
acteristics that could confound the association including ethnicity,
maternal age, maternal education, maternal pre-pregnancy BMI, ma-
ternal height, hypertension during pregnancy, parity, smoking and
alcohol use during pregnancy, birth weight, gestational age and
Table 1
Maternal (n = 1718) and child characteristics.
Mean SD
Maternal
Age (y) 31.9 4.3
pBMI 22.8 3.6
Ethnicity (%)
Dutch 69.7
Turkish 2.8
Moroccan 4.7
Other non-western 10.1
Other western 12.8
Education after primary school (y) 10.1 3.5
Primiparous (% yes) 56.6
Hypertension
Pre-existing hypertension (% yes) 2.5
Pregnancy hypertension (% yes) 8.3
Alcohol (% yes) 30.4
Smoking (% yes) 8.3
TC (mmol/L) (n = 1664) 5.13 0.93
TG (mmol/L) (n = 1664) 1.38 0.52
ApoA1 (g/L) (n = 1619) 1.59 0.22
ApoB (g/L) (n = 1630) 0.75 0.17
FFA (mmol/L) (n = 1545) 0.31 0.17
Child — At birth
Sex (% boys) 48.5
Gestational age (days) 281 8
Birthweight (g) 3542 479
Child — At age 5 measurement
Age (y) 5.7 0.5
Height (cm) 116.6 5.6
BMI (kg/m2) 15.4 1.4
DBP (mmHg) 57.0 6.0
SBP (mmHg) 99.2 7.2
HR (bpm) 85.5 10.0
RSA (msec) 124.3 58.7
PEP (msec) 71.5 8.8
ApoA1: alipoprotein A1; ApoB: alipoprotein B; pBMI: pre-pregnancy body mass index
(kg/m2); DBP: diastolic blood pressure; FFA: free fatty acids; HR: heart rate; RSA:
respiratory sinus arrhythmia; PEP: pre-ejection period; SBP: systolic blood pressure;
TC: total cholesterol; TG: triglycerides. TC, TG, ApoA1, ApoB and FFA were standard-
ized at median gestational age at blood sampling (90 days).
Fig. 1.Maternal apolipoprotein A1 and offspring diastolic blood pressure at age 5–
6 years. ApoA1: apolipoprotein A1; DBP: diastolic blood pressure. This model has
been adjusted for: offspring sex, gestational age at blood sampling, age at time of
outcome measurement, gestational age, child's height, maternal age, parity, ethnic-
ity, maternal pre-pregnancy BMI, maternal height, maternal education, alcohol dur-
ing pregnancy, smoking during pregnancy, maternal hypertension, birth weight
and child BMI.
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ed, as BP measurements were more stable in supine position.
Table 1 shows maternal characteristics, their lipid levels in early
pregnancy as well as offspring characteristics at birth and at the age of
5–6 years. Apart from an inverted U-shaped association between
maternal ApoA1 levels in early pregnancy and offspring DBP (Fig. 1),
no other associations between maternal FFA, TC, TG, ApoA1 and ApoB
and offspring BP and ANS were found. Further adjustments did not
alter these associations (Table 2).
Our results suggest an association between mothers' ApoA1 and
blood pressure in their offspring. Our study may therefore add
some more evidence that ApoA1 could be a factor to consider delin-
eating in models studying a relation between lipoproteins and lipids
in pregnancy and metabolic programming later in life. However, we
cannot explain the inverted-U shape between maternal ApoA1 and
offspring DBP, which was against expectation. The lack of association
between the other maternal lipids and offspring BP is in accordance
with a recent study in which no association between maternal
cholesterol and TG and BP in newborns was found [8]. Also, Rudyk
et al. found that resting BP was not elevated in offspring of fat fed
non-obese rats. They did ﬁnd altered sympathetic control and
increased BP in response to stressor stimuli [5]. In our study reactiv-
ity measures were not assessed and it might be possible that the
maternal lipid proﬁle is associated with an altered reactivity of BP
and the ANS at a young age. Furthermore, other rat studies did ﬁndan increased resting BP in offspring of fat fed obese rats [3]. However,
these fat fed rats were obese and in these studies it was not possible
to make a distinction between the effects of the fat diet (a proxy for
the maternal lipid proﬁle) and maternal obesity, which comprises a
more multifactorial concept. Hence in a previous study we also
found a positive association between maternal pre-pregnancy BMI
and childhood BP [9]. Also it should be taken into account that in
none of the fat feeding animal studies the underlying maternal
substrate of the programming was measured. Hence, it could be
that other mechanisms then aside from the lipid proﬁle were re-
sponsible for programming effects, like for instance the glucose me-
tabolism and more research is necessary. In addition, we measured
BP and ANS in 5–6 year old children; it might be that the maternal
lipid proﬁle is associatedwith BP and ANS later in life but that this as-
sociation is not detectable at such a young age.
This large multi-ethnic cohort study collected extensive data on
BP and ANS and their confounders in 5–6 year olds. However, this
study also has some limitations. Blood collection formaternal plasma
lipids was accomplished randomly on only one occasion and in a
nonfasting state. The nonfasting state might have slightly diluted
our results. However, also nonfasting lipid levels are known to
have important prognostic disease risk value [10].
In conclusion the maternal lipid proﬁle during early pregnancy
does not seem to be associated with their children's BP and ANS at
age 5–6 years. However, ApoA1 should be considered as a factor
delineating in models studying a relation between lipoproteins and
lipids in pregnancy and metabolic programming later in life.
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Table 2
Associations between maternal lipid proﬁle during early pregnancy and the child's systolic blood pressure, diastolic blood pressure, heart rate, respiratory sinus arrhythmia and pre-
ejection period.
SBP (mmHg) DBP (mmHg) HR (bpm) RSA (msec) PEP (msec)
FFA mmol/L
β
0.28 (−1.75, 2.31) 0.19 (−1.54, 1.92) 1.60 (−1.32, 4.53) −17.30 (−35.70, 1.10) −0.99 (−3.74, 1.75)
TC mmol/L
β
−0.12 (−0.49, 0.25) 0.19 (−1.54, 1.92) 0.05 (−0.48, 0.59) 0.76 (−2.62, 4.14) −0.08 (−0.58, 0.42)
TG mmol/L
β
0.21 (−0.42, 0.85) −0.25 (−0.81, 0.30) 0.35 (−0.59, 1.29) −2.37 (−8.25, 3.51) 0.15 (−0.41, 0.72)
ApoA1 g/L
β
0.48 (−1.04, 2.00) See Fig. 1 1.59 (−0.59, 3.77) −4.72 (−18.48, 9.03) 0.05 (−2.00, 2.09)
ApoB g/L
β
−0.14 (−2.05, 1.77) 0.62 (−0.99, 2.24) 0.93 (−1.80, 3.67) 1.64 (−15.61, 18.90) −0.04 (−2.60, 2.53)
ApoA1: apolipoprotein A1; ApoB: apolipoprotein B; pBMI: pre-pregnancy body mass index (kg/m2); DBP: diastolic blood pressure; FFA: free fatty acids; HR: heart rate; RSA: respiratory
sinus arrhythmia; PEP: pre-ejection period; SBP: systolic blood pressure; TC: total cholesterol; TG: triglycerides. The associations were adjusted for offspring sex, gestational age at blood
sampling, age at time of outcomemeasurement, gestational age, child's height, maternal age, parity, ethnicity, maternal pre-pregnancy BMI, maternal height, maternal education, alcohol
during pregnancy, smoking during pregnancy, maternal hypertension, birth weight and child BMI.
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